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(54) Stratified scavenging two-stroke Internal combustion engine 



(57) A two-stroke internal combustion engine hav- 
ing an air control arrangement which controls scaveng- 
ing airflow during rapid engine acceleration to optimize 
the acceleration and maximum power output of the en- 
gine while maintaining low exhaust emissions from the 
engine. Desirably, the aircontrol arrangement may com- 
prise a valve that throttles the air passage to one half or 
less of its total flow area at a medium engine load or less 



and completely or fully opens at a medium engine load 
or more of the engine. Normally, the air control valve 
opens in unison with the throttle valve, but during rapid 
acceleration of the engine the air control valve opens 
later or more slowly than the throttle valve to control the 
supply of scavenging air to the combustion chamber of 
the engine thereby enhancing rapid acceleration of the 
engine. 
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D scription 

Fieid of the Invention 

[0001] This invention relates generally to internal 
combustion engines and more particularly to a stratified 
scavenging two-stroke internal combustion engine. 

Background of the invention 

[0002] Generally, in a so-called stratified scavenging 
two stroke internal combustion engine a scavenging air 
supply is introduced into a combustion chamber of the 
engine after a combustion event has occurred and be- 
fore a fuel and air mixture is delivered from a crankcase 
chamber of the engine to facilitate exhausting the com- 
busted gas from the combustion chamber and to provide 
some air to facilitate combustion of a subsequently de- 
livered fuel and air mixture. During rapid acceleration of 
the engine, the scavenging air enters the combustion 
chamber at a high flow rate which tends to dilute the fuel 
and air mixture making it overly lean and thereby mate- 
rially deteriorating the acceleration, performance and 
stability of the engine. 

[0003] When the scavenging air supply is limited or 
throttled during rapid acceleration of the engine, the sta- 
bility of the acceleration of the engine is improved be- 
cause dilution of the fuel and air mixture is prevented 
but the maximum power output of the engine is signifi- 
cantly reduced. If the fuel mixture passage is widened 
or enlarged, the requirements for acceleration and max- 
imum power output can be satisfied, but there is an in- 
creased and unacceptably high level of exhaust emis- 
sions from the engine. 

Summary of the Invention 

[0004] A two-stroke internal combustion engine hav- 
ing an air control which controls scavenging airflow dur- 
ing rapid engine acceleration to optimize the accelera- 
tion and maximum power output of the engine while 
maintaining low exhaust emissions from the engine. De- 
sirably, the air control may comprise a valve that throt- 
tles the air passage to one half or less of its total flow 
area at a medium engine load or less and completely or 
fully opens at a medium engine load or more of the en- 
gine. Normally, the air control valve opens in unison with 
the throttle valve, but during rapid acceleration of the 
engine the air control valve opens later or more slowly 
than the throttle valve to control the supply of scaveng- 
ing air to the combustion chamber of the engine thereby 
enhancing rapid acceleration of the engine. The air con- 
trol valve ventually fully opens to increase the maxi- 
mum power output of the engine and the fuel mixture 
passage need not be widened to avoid excessive ex- 
haust emissions. 

[0005] In one form, the air control may be a butterfly 
or disk type valve driven for rotation by the rotation of 



the throttle valve through a linkage. In another form, the 
air control may be a plunger type valve biased by a 
spring to delay its opening upon rapid acceleration of 
the engine. In yet another form, the air control may com- 

5 prise a read type valve, I n yet another form, the air con- 
trol comprises an air passage between the carburetor 
and engine which is longer than the fuel and air mixture 
passage so that upon rapid engine acceleration, which 
tends to draw increased air into the combustion cham- 

io ber, the scavenging air has a longer path to travel than 
the fuel and air mixture. Hence, less air is drawn into the 
engine during rapid acceleration to prevent undue dilu- 
tion of the fuel mixture in the combustion chamber and 
enable smooth, stable acceleration. In any form, the flow 

15 of air to the combustion chamber during rapid acceler- 
ation of the engine is controlled to limit the airflow into 
the combustion chamber and thereby provide a desired 
fuel and air mixture suitable to enable rapid acceleration 
without loss of power output from the engine and without 

20 increasing the exhaust emissions of the engine. 

[0006] Objects, features and advantages of this in- 
vention include providing an engine which provides a 
scavenging air supply to the engine, controls the flow 
rate of scavenging air at least during rapid engine ac- 

25 celeration, enables smooth, stable and rapid engine ac- 
celeration, permits a high maximum engine power out- 
put, has relatively low exhaust emissions, improves the 
responsiveness of the engine, is of relatively simple de- 
sign economical manufacture and assembly, and in 

30 service has a long and useful life. 

Brief Description of the Drawings 

[0007] These and other objects, features and advan- 
35 tages of this invention will be apparentfrom the following 
detailed description of the preferred embodiments and 
best mode, appended claims and accompanying draw- 
ings in which: 

40 FIG. 1 is a front sectional view of a stratified scav- 
enging two-stroke engine according to the present 
invention; 

FIG. 2 is a plan view of an insulator plate of a strat- 
ified scavenging two-stroke engine according to a 
45 second embodiment of the present Invention; 

FIG. 3 is a diagram illustrating the relationship be- 
tween a throttle valve and air valve of the carburetor 
and an air control valve in the engine; 
FIG. 4 is a diagram illustrating the relationship be- 
so tween a throttle valve and air valve of the carburetor 
and an air control valve in the engine; 
FIG. 5 is a front sectional view of a stratified scav- 
enging two-stroke internal combustion engine ac- 
cording to a third embodiment of the invention; 
55 FIG. 6 is a side sectional view of a portion of the 
engine of FIG. 5; 

FIG. 7 is a front sectional view of a stratified scav- 
enging two-stroke internal combustion engine ac- 
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cording to a fourth embodiment of the present in- 
vention; 

FIG. 8 is a front sectional view of a stratified scav- 
enging two-stroke internal combustion engine ac- 
cording to a fifth embodiment of the invention; 
FIG. 9 is a side sectional view of a portion of the 
engine of FIG. 8; 

FIG. 1 0 is a front sectional view of a stratified scav- 
enging two-stroke internal combustion engine ac- 
cording to a fifth embodiment of the present inven- 
tion; 

FIG. 11 is a side view of an insulator plate of the 
engine of FIG. 10. 

Detailed Description of the Preferred Embodiments 

[0008] Referring in more detail to the drawings, FIG. 
1 illustrates a two-stroke internal combustion engine A 
according to the present invention, having a carburetor 
C connected through a heat insulator plate B to the en- 
gine. In the engine A, a piston 9 is inserted into a cylinder 
body 1 0 to define a combustion chamber 4 closed by a 
cylinder head 3 above the piston 9 and a crankcase 
chamber 1 8 below the piston 9. An upper end of a con- 
necting rod 12 is connected to the piston 9 by a pin 8, 
and a lower end of the connecting rod 12 is connected 
to a crank arm integral with a balance weight 16a and 
crankshaft 15 by a pin 19. In the illustrated embodiment, 
three scavenging passages 7 are provided in a right side 
wall and front and rear walls, respectively, of the cylinder 
body 10. and an exhaust port 5 is provided in a left side 
wall of the cylinder 10. A scavenging port 7a of each 
scavenging passage 7 and the exhaust port 5 are com- 
municated with the combustion chamber 4 at a bottom 
dead center position of the piston 9. 
[0009] In the carburetor C , a cylindrical , stepped throt- 
tle valve 48 is rotatably and vertically movably inserted 
into a stepped bore 61 perpendicular to an air passage 
46 and a fuel mixture passage 50 extending through a 
carburetor body 47. The stepped throttle valve 48 is pro- 
vided with an air valve having a throttle hole 45 capable 
of being communicated with the air passage 46 and a 
mixture valve having a throttle hole 55 capable of being 
communicated with the mixture passage 50. A fuel noz- 
zle 52 extends into the bore 61 and projects into the 
throttle hole 55. A needle 49 carried by the throttle valve 
48 is inserted into the fuel nozzle 52 Lo adjust to the flow 
area of a fuel jet or opening of the fuel nozzle 52. The 
lower end of the fuel nozzle 52 is communicated with a 
metering chamber 57 via a check valve (not shown) and 
the fuel jet. A cover 58 is connected to an intermediate 
plate 53 connected to the lower end of the carburetor 
body 47. A diaphragm 54 and gasket 20 are disposed 
between the cover 58 and plate 53. A metering chamber 
57 and an atmospheric chamber 56 open to the atmos- 
phere through a vent 22 are defined at least in part 
above and below, respectively, the diaphragm 54. 
[001 0] A valve shaft 42 of the throttle valve 48 extends 



through a cover plate 43 which is connected to the upper 
end of the carburetor body 47 to close the stepped bore 
61 . A throttle valve lever 41 is connected to the upper 
end of the valve shaft 42. A cam surface (not shown) is 

5 formed on the lower surface of the throttle valve lever 
41 and is engaged to a follower (not shown) upwardly 
projecting from the cover plate 43 by the force of a retu rn 
spring 44. The return spring 44 is disposed so as to sur- 
round the valve shaft 42 between the cover plate 43 and 

10 the throttle valve 48, and the upper and lower ends of 
the return spring 44 are fastened at the cover plate 43 
and the throttle valve 48, respectively. The throttle valve 
48 is yieldably biased to an idle position as shown, by 
the force of the return spring 44. 

is [0011] The carburetor has a diaphragm type fuel 
pump, not shown, driven by pressure pulses of the 
crankcase chamber 1 8 of the engine to draw fuel from 
a fuel tank and supply It to the metering chamber 57. 
Fuel is stored in the metering chamber 57 under sub- 

20 stantialiy constant pressure maintained by an inlet 
valve, which is opened and closed in response to move- 
ment of the diaphragm 54. 

[0012] According to the present invention, a heat in- 
sulator plate B is disposed between the cylinder body 

25 10 and the carburetor C. The insulator plate B has an 
air passage 36 communicating the air passage 46 of the 
carburetor C with a scavenging passage 7 and a fuel 
mixture passage 40 communicating the fuel mixture 
passage 50, of the carburetor C with an intake part 17 

30 in the engine A through a check valve 39. An air control 
valve 35 is connected on a valve shaft 32 and is dis- 
posed in the air passage 36 for controlling air flow from 
the air passage 46 to the scavenging passage 7 through 
a port 1 4a of the engine having a check valve 1 4. A lever 

35 31 is connected to the upper end of the valve shaft 32, 
and a return spring 34 is disposed between the lever 31 
and the upper wall of the heat insulator plate B. The lever 
31 and the throttle valve 41 are connected by a linkage 
33. A second valve 37 is connected to the lower end of 

40 the valve shaft 32. The second valve 37 is designed to 
open and close a passage 38 connecting a portion of 
the air passage 36 downstream of the air control valve 
35 and the mixture passage 40 in the insulator plate B. 
[0013] The air control valve 35 carried by the heat in- 

45 sulator plate B has a minimum opening area which is 
about V? of the normal or fully open area of the air pas- 
sage 36 and need not be fully closed at any time. The 
lever 31 on the valve shaft 32 of the air control valve 35 
and the throttle valve lever 41 are connected by a link- 

50 age 33 such that the air control valve 35 opens more 
slowly or later by a phase difference than the throttle 
valve 48. Since the air control valve 35 may have a 
smaller working angle of rotation than the throttle valve 
48, the air control valve 35 is connected so that it is rarely 

55 operated or moved below a medium engine load or a 
medium opening position of the throttle valve 48 (i.e. 
when the throttle valve 48 is mid-way between its idle 
and wide open positions). The air control valve 35 is 
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preferably fully opened when the throttle valve 48 is in 
the vicinity of its wide-open position. 
[0014] At idle and low speed and low load engine op- 
eration the second valve 37 is open to communicate the 
mixture passage 40 and the air passage 36 through pas- 5 
sage 38. At high speed and or high load engine opera- 
tion the second valve 37 is closed. When the passage 
38 is opened during low speed engine operation, a part 
of the fuel and air mixture is supplied to the air passage 
36 and fuel which stays in the air passage 36 assists 
acceleration in case the engine is rapidly accelerated. 
However during high-speed or high load engine opera- 
tion, corresponding to wide open throttle valve 48 posi- 
tion, the passage 38 is closed to avoid increasing the 
emission of harmful components of exhaust gases. 
[0015] During the operation of the engine, when the 
piston 9 moves toward top dead center the pressure in 
the crankcase chamber 1 8 decreases, thereby drawing 
a fuel and air mixlure from the carburetor C through the 
mixture passage 40, the check valve 39 and the intake 
port 17 and into the crankcase chamber 18. Air flows 
into the crankcase chamber 1 8 through the air passages 
46 and 36, the check valve 1 4 and the scavenging pas- 
sage 7. That is, a condition exists wherein the scaveng- 
ing passage 7 is filled with air and thef uel and air mixture 
in the crankcase chamber 18 is made lean by air. 
[0016] When a fuel and air mixture in the combustion 
chamber 4 is ignited by a spark plug 2 : the pressure in 
the combustion chamber 4 rapidly increases, and as the 
piston 9 moves down toward bottom dead center, the 
pressure in the crankcase chamber 1 8 increases. When 
the piston 9 moves down to a given position the exhaust 
port 5 opens so that the combustion gas in the combus- 
tion chamber 4 may flow out of the exhaust port 5 and 
the pressure in the combustion chamber 4 rapidly de- 
creases. At the same time, the scavenging ports 7a of 
the scavenging passages 7 open so that first air in the 
scavenging passage 7 flows into the combustion cham- 
ber 4 and then the fuel and air mixture in the crankcase 
chamber 18 flows into the combustion chamber 4 via 
the scavenging passage 7. 

[0017] FIG. 3 shows how the quantity of air changes 
relative to the operating position of the fuel mixture valve 
(represented by throttle hole 55) in response to the throt- 
tle valve 48, the air valve (represented by throttle hole 
45) and the air control valve 35. The air control valve 35 
relatively rapidly opens when the fuel mixture valve 
moves toward its fully or wide-open position. There is a 
time or phase difference in operation or movement of 
the air control valve 35 from the idle or low speed posi- 
tion and the full open or high speed position when the 
engine is rapidly accelerated. During rapid acceleration, 
the engine speed or R.P.M. rapidly increases and the 
fuel mixture valve (throttle hole 55) is fully opened before 
the air control valve 35 is fully opened so that a rich fuel 
and air mixture (a mixture not made lean by air from the 
scavenging passage 7) is supplied from the crankcase 
chamber 1 8 to the combustion chamber 4 to assist the 



6 

acceleration and the increase in the engine R.P.M. In 
other words, the delay in fully opening the air control 
valve 35 afterthe fuel mixture valve is fully opened throt- 
tles or limits the flow of air through the air passage 36. 
This reduces the amount of air mixed with the fuel and 
air mixture transferred from the crankcase chamber 18 
to the combustion chamber 4 providing a rich fuel and 
air mixture in the combustion chamber to support the 
rapid engine acceleration. The delay in fully opening the 
air control valve 35 is sufficient to support rapid accel- 
eration even if the valve 35 relatively quickly opens after 
initial rapid acceleration because the delay permits the 
engine speed to rapidly increase to a desired and suffi- 
ciently high speed. 

[0018] In the embodiment shown in FIG. 2, to improve 
the acceleration of the engine by delaying the full open- 
ing of the air control valve 35 relative to the throttle valve 
48 when the engine is rapidly accelerated, an air damper 
70 is provided on the upper wall of the heat insulator B. 
In the air damper 70, a piston 68 is fitted in a cylinder 
63 having a hole 72, and a rod 68a projecting from the 
piston 68 extends out of the hole 72 and into contact 
with the lever 31 connected to the valve shaft 32 by the 
force of a spring 66 disposed between a wall plate 64 
and the piston 68. The linkage 33 extends through and 
is supported on the lever 31 and a spring 62 is disposed 
between the lever 31 and a spring seat 61 a connected 
to the end of the link 33. Wall plate 64 has an opening 
or throttle hole 65 and defines in part a chamber 67. In 
the present embodiment, the passage 38 and the sec- 
ond valve 37 are not provided. 

[0019] Even if the throttle valve lever 41 is rapidly 
turned to rapidly move the throttle valve 48 toward its 
fully open position when the engine is rapidly accelerat- 
ed, the spring 62 is compressed so that the lever 31 
turns later or more slowly than the throttle valve 48 due 
to the action of the air damper 70. As the lever 31 ro- 
tates, the piston 68 is displaced by the lever 31 against 
the force of the spring 66 and gradually moves leftward 
(as viewed in FIG. 2), and the air control valve 35 moves 
to its fully open position afterthe throttle valve 48 of the 
carburetor C, by a delay period, has been fully opened 
as shown in FIG. 4. 



[0020] As shown in FIGS. 5 and 6, in accordance with 
a second embodiment of an engine of the present in- 
vention, for improving the responsiveness of the engine 
during rapid acceleration without sacrificing the maxi- 
mum power output of the engine, an air control valve 
35a is disposed in the air passage 36 of the insulator 
plate B' between the air valve 45 (not shown) and the 
check valve (shown as a reed valve) 14 provided at an 
inlet of the scavenging passage 7. To facilitate the de- 
scription of this embodiment, essentially only the insu- 
lator plate B' and associated components are shown. 
The engine A, carburetor C and their associated com- 
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ponents may be the same as shown in FIG. 1 and de- 
scribed with reference thereto. A valve chamber 100 
having a rectangular shape in section is provided in the 
air passage 36 of the heat insulator plate B'. In this em- 
bodiment the air control valve 35a is a reed valve dis- 
posed in part in communication with the air passage 36. 
A partially curved or bent guide plate 1 02 and valve plate 

104 are superimposed on each other and fixed to the 
side wall of the valve chamber 30 by means of a rivet 

1 05 or other fastener The reed valve 35a partially clos- 
es the air passage 36 when in its unflexed state shown 
in FIG. 5 and is flexed to a position permitting an essen- 
tially free flow of air through the air passage 36 by a 
sufficiently high vacuum signal acting thereon. In other 
words, when flexed, the valve plate 104 bears on the 
bent portion of the guide plate 102 and permits an in- 
creased airflow through the air passage 36 compared 
to its unflexed state. 

[0021] The check valve 14 is provided in a valve 
chamber in the sidewall of the cylinder body 10. A par- 
tially curved or bent guide plate 106 and a check valve 
plate 108 are superimposed on each other and fixed to 
the side wall of the valve chamber by means of a rivet 
or other fastener. The check valve 1 4 is flexible, has low 
rigidity, and rapidly opens the air passage 36 when the 
scavenging passage 7 assumes vacuum pressure. 
[0022] As shown in FIG. 6, the heat insulator plate B' 
is secured to the side wall of the cylinder body 10 by 
means of bolts extending through bolt insert holes 110 
provided in the front and rear edges. A check valve (reed 
valve) 39 disposed at an inlet of intake port 1 7 is secured 
to a valve chamber provided on the heat insulator plate 
B\ and a partially curved or bent guide plate 1 1 2 (FIG. 
5) and a check valve plate 114 are superimposed on 
each other and secured to a side wall of the valve cham- 
ber by means of a rivet 11 6 or other fastener. The check 
valve 39 is flexible, has low rigidity and quickly opens 
the mixture passage 40 when the intake port 17 as- 
sumes vacuum pressure. 

[0023] On the other hand, the air control valve 35a, is 
less flexible and has a greater rigidity than valves 14 
and 39. Accordingly, even if the air valve (throttle hole 
45) and the fuel mixture valve (throttle hole 55) are rap- 
idly fully opened during rapid acceleration of the engine, 
the check valves 14 and 39 are already opened by vac- 
uum pressure in the crankcase chamber 18 so that a 
fuel and air mixture from the mixture passage 50 rapidly 
flows to the intake port 1 7 via the mixture passage 40. 
However, the air control valve 35a temporarily remains 
in its unflexed or closed position and throttles the airflow 
through the air passage 36. When the rotational speed 
of the engine increases thereby increasing the vacuum 
pressure in the scavenging passage 7 beyond a thresh- 
old pressure, the air control valve 35a is flexed to its 
open position moving valve plate 1 04 against the guide 
plate 102 to permit increased fluid flow through the air 
passage 36. 

[0024] As will be apparent from the foregoing, for low 



8 

speed and low load engine operation, air passage 36 
need not be fully closed, and preferably has a restricted 
flow area controlled by the air control valve 35a which 
permits low speed operation and sufficient engine ac- 
5 celeration. When the internal combustion engine is rap- 
idly accelerated, even if the throttle valve lever 41 is rap- 
idly turned to fully open throttle valve 48, the air control 
valve 35a opens later than the check valve 39 due to 
the greater rigidity of its valve plate 104. Accordingly, 
the air control valve 35a throttles airflow through the air 
passage until a relatively high engine speed is obtained 
to ensure that a rich enough fuel and air mixture is pro- 
vided to the engine to support its rapid acceleration. 
When the engine attains a high enough speed or load, 
the vacuum generated in the crankcase chamber 1 8 will 
move the valve 35a to its flexed position permitting 
greater air flow through the air passage 36 and to the 
engine to ensure sufficient air is provided for maximum 
engine power output and to avoid an overly rich fuel mix- 
ture and accompanying high exhaust emissions. 
[0025] In the embodiment shown in FIG. 7, a move- 
able plate 120, in place of the reed valve 35a acts as 
the air control valve in the air passage 36. The movable 
plate 120 is supported in the air passage 36 by means 
of a shaft 1 22. A lever 124 is connected to the outer end 
of the shaft 122 for connecting the movable plate 120, 
and a spring 126 yieldably biases the plate 120 towards 
its closed position reducing the flow area of the air pas- 
sage 36. The movable plate 1 20 provided in the air pas- 
sage reduces the flow area of the air passage 36 by 
about 14 of its unrestricted or normal flow area, and need 
not ever fully close the air passage 36. The movable 
plate 120 is movable to a second or fully open position 
permitting a substantial free air flow through air passage 
36 in response to a sufficiently high vacuum pressure in 
the air passage 36. When the internal combustion en- 
gine is rapidly accelerated, even if the throttle valve lever 
41 is rapidly turned to fully open the throttle valve 48, 
opening or movement of the movable plate 1 20 to its 
second position is resisted by the force of the spring 1 26 
so that it opens later than the check valve 39. 
[0026] Accordingly, the movable plate 120 as an air 
control opens later by a phase difference than the 
stepped throttle valve 48. When the stepped throttle 
valve 48 Is in a position less than or closer to Idle than 
a medium opening between idle and wide open, the 
movable plate 120 is rarely operated, and the movable 
plate 120 opens against the force of the spring 126 in 
the vicinity of the wide open position of the throttle valve 
48. 

[0027] While in the above-described embodiment, a 
rotary throttle valve comprising an integral configuration 
of an air valve (throttle hole 45) and a fuel mixture valve 
(throttle hole 55) is provided on the carburetor body, it 
is noted that the present invention is not limited to the 
carburetor of this type, and can be applied to other types 
of carburetors. 
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Third Emb diment 

[0028] In a third embodiment of the invention, as 
shown in FIGS. 8-9, the aircontrol is an air passage 36' 
of the. insulator plate B" which is made longer than the 
mixture passage 40 to control air flow through passage 
36* and enhance engine responsiveness at the time of 
rapid acceleration without sacrificing the maximum out- 
put power of the internal combustion engine. To accom- 
plish this, a baffle plate 150 is provided midway in the 
air passage 36' and an air passage 36a passing upward 
and over the baffle plate 1 50 is connected to the air pas- 
sage 36'. The insulator plate B" comprises a pair of left 
and right plates 1 52, 1 54, between which the baffle plate 
150 is disposed. As shown in FIG. 9, the insulator plate 
B" is secured to the right side wall of the cylinder body 
1 0 by bolts received through bolt holes 156 of the insu- 
lator plate B". 

[0029] In the normal running of the internal combus- 
tion engine, when the piston 9 moves upward toward its 
top dead center position, the pressure in the crankcase 
chamber 1 8 decreases, and a fuel and air mixture flows 
into the crankcase chamber 1 8 via the mixtu re passages 
50 and 40, the check valve 39 and the intake port 17. 
Air flows into the crankcase chamber 1 8 via the air pas- 
sages 46, 36' and 36a, the check valve 1 4 and the scav- 
enging passage 7. That is, a condition occurs wherein 
the scavenging passage 7 is filled with air, and a fuel 
and air mixture in made lean by air in the crankcase 
chamber 1 8. Then, the fuel and air mixture in the com- 
bustion chamber 4 is ignited by a spark plug, the pres- 
sure in the combustion chamber 4 rapidly increases, the 
pisto n 9 is driven towards a bottom dead center position, 
and the pressure in the crankcase chamber 18 increas- 
es. 

[0030] When the piston 9 moves down to a certain po- 
sition the exhaust port 5 opens so that the combustion 
gas of the combustion chamber 4 flows out of the ex- 
haust port 5 and the pressure of the combustion cham- 
ber 4 rapidly decreases. At the same time, the scaveng- 
ing ports 7a are opened to the combustion chamber 4 
so that first, air in the scavenging passage 7 flows into 
the combustion chamber 4, and then the fuel and air 
mixture in the crankcase chamber 1 8 flows into the com- 
bustion chamber 4 via the scavenging passage 7. 
[0031] During acceleration of the internal combustion 
engine, even if the air control valve 45 and the mixture 
valve 55 are rapidly and fully opened, a fuel and air mix- 
ture from the carburetor C rapidly flows into the crank- 
case chamber 1 8 via the mixture passages 50, 40, the 
check valve 39 and the intake port 17. On the other 
hand, air from the air passage 46 flows into the crank- 
case chamber 1 8 later than the fuel and air mixture via 
the air passage 36' which is longer than the mixture pas- 
sage 40 and includes air passage 36a. Therefore, the 
quantity or flow rate of air reaching the crankcase cham- 
ber 18 is temporarily reduced compared to an engine 
having an air passage and mixture passage of the same 



effective length. Because the flow of air to the engine is 
delayed or reduced, the fuel and air mixture in the crank- 
case chamber 18 and that delivered to the combustion 
chamber is somewhat rich and the accelerating charac- 

5 teristics of the internal combustion engine are en- 
hanced. Desirably, only the initial airflow upon rapid ac- 
celeration of the engine is delayed. At high engine speed 
other than rapid acceleration, a desired flow rate of air 
reaches the engine to provide maximum engine power 

10 output. 

[0032] In the embodiment shown in FIGS. 10 and 11, 
an inlet and an outlet of the air passage 36" are arranged 
to be concentric, and a spiral air passage 36b formed in 
insulator plate B'" outside of the mixture passage 40 is 

is connected between the inlet and the outlet. Accordingly, 
the air passage 36" including passage 36b has an ef- 
fective length greater than the fuel and air mixture pas- 
sage 40. In use, an effect similar to that of the embodi- 
ments shown in FIGS. 8 and 9 is obtained with a relative 

20 delay in the flow of air to the engine upon rapid acceler- 
ation of the engine due to the greater distance the air 
must flow through the passages 36" and 36b, In both 
examples, there are no moving parts increasing reliabil- 
ity and simplifying the design, manufacture and assem- 

25 bly of the engine. 

[0033] While in the above-described embodiment, a 
rotary throttle valve having an integral configuration of 
an air valve and a mixture vaive is provide in the carbu- 
retor, it is noted that the present invention is not limited 

30 to throttle valves and carburetors of this type, and can 
be applied to other types of throttle valves and carbure- 
tors. 

[0034] As described above, the present invention pro- 
vides a stratified scavenging two-stroke engine in which 

35 air is introduced into a scavenging passage of an inter- 
nal combustion engine, a mixture of air and fuel is intro- 
duced into a crankcase chamber of the internal combus- 
tion engine, air in the scavenging passage is guided to 
discharge exhaust gases of a combustion chamber 

40 when the engine is scavenged, and the fuel and air mix- 
ture is then supplied to the combustion chamber. An air 
control temporarily restricts or delays scavenging air 
flow to the combustion chamber of the engine. There- 
fore, when the engine is rapidly accelerated, a reduced 

45 flow rate or volume of airflows into the scavenging pas- 
sage and the quantity of air reaching the crankcase 
chamber 18 and combustion chamber 4 is temporarily 
reduced compared to an engine without the air control. 
Accordingly, the fuel and air mixture delivered to the en- 

50 gjne when it is rapidly accelerating is somewhat rich and 
the accelerating characteristics of the engine are en- 
hanced. Thereafter, the flow rate of air is essentially not 
affected by the air control to improve the maximum en- 
gine power output. 

55 
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Claims 

1. An internal combustion engine, comprising: 

a cylinder body defining in part a combustion 
chamber, a crankcase chamber, a scavenging 
passage communicating the crankcase cham- 
ber with the combustion chamber and an intake 
port communicating with the crankcase cham- 
ber; 

an air passage communicating with the scav- 
enging passage and through which air is deliv- 
ered to the engine; 

a fuel and air mixture passage communicating 
with the intake port and through which a fuel 
and air mixture is delivered to the engine; 
an insulator plate carried by the cylinder body 
and defining at least in part the air passage and 
the fuel and air mixture passage; 
a carburetor defining at least in part the air pas- 
sage and the fuel and air mixture passage and 
having a throttle valve movable between idle 
and wide open positions and disposed in com- 
munication with the air passage to control the 
flow of air therethrough; 
an air control associated with the air passage 
to restrict airflow through the air passage when 
the throttle valve is rapidly moved towards its 
wide open position to rapidly accelerate the en- 
gine and to permit an essentially unrestricted 
flow of air through the air passage when the en- 
gine is not rapidly accelerating whereby, during 
rapid engine acceleration a lower flow rate of 
air is delivered to the engine than would be de- 
livered to the engine without any air control so 
that a relatively rich fuel and air mixture is avail- 
able for combustion to support the rapid engine 
acceleration. 

2. The engine of claim 1 wherein the air control is de- 
fined by an air control valve carried by the insulator 
plate and movable from a first position restricting air 
flow through the air passage to a second position 
permitting an increased air flow through the air pas- 
sage compared to said first position in response to 
at least a portion of the movement of the throttle 
valve toward its wide open position. 

3. The engine of claim 2 wherein the air control valve 
is yieldably biased to its first position and is moved 
to its second position against said bias. 

4. The engine of claim 3 wherein the air control valve 
is connected to the throttle valve by a linkage for co- 
movement of the air control valve and throttle valve 
during at least a portion of the movement of the 
throttle valv between its idle and wide open posi- 
tions. 



5. The engine of claim 4 wherein the air control valve 
has a valve shaft and a valve head carried by the 
valve shaft for rotation between its first and second 
positions in the air passage with the linkage con- 

5 necting the valve shaft with the throttle valve. 

6. The engine of claim 5 wherein the air control valve 
is yieldably biased to its first position and is moved 
to its second position against said bias to delay 

10 opening of the air control valve during rapid accel- 
eration of the engine. 

7. The engine of claim 2 wherein the air control valve 
reduces the flow area of the air passage by about 

is one-half its total flow area when the air control valve 
is in its first position. 

8. The engine of claim 1 wherein the air control is de- 
fined by the air passage which has a longer total 

20 length than the fuel and air mixture passage so that 

upon rapid engine acceleration, air drawn through 
the air passage has a greater distance to travel to 
reach the engine than does a fuel and air mixture 
delivered to the engine through the fuel and air mix- 

25 ture passage. 

9. The engine of claim 8 which also comprises a baffle 
disposed in the air passage to increase the effective 
length of the air passage. 

30 

10. The engine of claim 9 wherein the baffle is carried 
by the insulator plate. 

11. The engine of claim 10 wherein the insulator plate 
35 comprises first and second plates with the baffle 

disposed between the first and second plates. 

12. The engine of claim 8 wherein at least a portion of 
the air passage is spiral shaped. 

40 

13. The engine of claim 1 wherein the air control is de- 
fined by an air control valve carried by the insulator 
plate and movable from a first position closing at 
least a portion of the air passage to a second posi- 

45 tion permitting an essentially unrestricted flow of air 
through the air passage in response to a sufficient 
pressure differential across the air control valve. 

14. The engine of claim 13 wherein the air control valve 
so js yieldably biased to its first position and is moved 

to its second position against said bias to delay 
movement of the air control valve to its second po- 
sition when the engine is rapidly accelerated while 
permitting the air control valve to move to its second 
55 position when a sufficient pr ssure drop exists in 
the air passage. 

15. The engine of claim 13 which also comprises a 



40 

13. 
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check valve movable to an open position in re- 
sponse to a pressure differential above a threshold 
value across the valve to permit fluid flow from the 
air passage to the scavenging passage and pre- 
venting fluid flow from the scavenging passage to 
the air passage and wherein a pressure differential 
higher in magnitude than said threshold value is re- 
quired to move the air control valve from its first po- 
sition to its second position. 



10 



16. The engine of claim 1 5 wherein both the air control 
valve and the check valve are reed type valves hav- 
ing flexible valve plates and the valve plate of the 
air control valve has a greater rigidity than does the 
valve plate of the check valve. 15 

17. The engine of claim 1 3 wherein the air control valve 
is a reed valve having an at least somewhat flexible 
valve plate. 

20 

18. The engine of claim 1 which also comprises a con- 
necting passage communicating at one end with the 
air passage and at its other end with the fuel and 
air mixture passage, and a second valve in commu- 
nication with the connecting passage and movable 25 
from a first position permitting fluid flow between the 

air passage and the fuel and air mixture passage 
and a second position at least substantially restrict- 
ing such fluid flow. 

30 

19. The engine of claim 18 wherein the second valve is 
actuated by the air control valve such that when the 
air control valve is in its first position the second 
valve is in its first position and when the air control 
valve is in its second position the second valve is in 35 
its second position. 

20. The engine of claim 1 8 wherein the connecting pas- 
sage communicates with the air passage between 

the scavenging passage and the air control valve. 40 
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